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1 SCR is the ratio of the Short Circuit Level (MVA) of the AC system at the converter bus to 
the Rated DC power (MW) 




 	  	
	





















































  	 4-+	 ?
-< 	  
 

	 	 	 
 # 

































    	  
  










































































    	  
  
     



















    

          ;'

 
     

    !  "# $# % & # ' ;@
	    

()          ;;
 
*+     


























































,  -./  
           ;D
,	  	-./  	




































































































A,B,CD  AEF EGEH EID A ,J,KD        ;B

,







;@  ;% 
 
 
   
  # Q 




   	



















 	,C ,K  
	  
 Q 
   	
 	 









  '	-'- 
#	-		
@/
9:L9=L   M
M#M  









    MM#M  
M*+M  M     ;))

9:L9?N  SM
S M  M   R !     ;)'






9@L9=L   M
M#M  










 *+   MM#M  
M*+M  M     ;)%

9@L9?N   SM
S *+M  M   R !     ;)D
$ 
 Q ,










     T    ,



































   1


































		    




















































    

          ;):

 
     

    !  "# $# % & # ' ;'(

	    

()          ;')





*+     









































T PPP =−         ;';
)()( DCTACT
L




 	  
 
 
	    









	    





 	  
 
 








































),()( XVfP TDCT =          ;'D












( , , )
( , ) 0


































0),( == KT XVR
















 	   
 "/ 



































































         ;@(













































 "/  	
  





























Power flow and rotor angle stability studies of HVAC-HVDC power system interconnections using DigSILENT 
 @'


















































 	  
 
 	  89"/

   
  	 






  89"/ 
   

   



















































































a# a # b# ̀ g     ;@'



































































( . ) ( . )
3 2
s p u d p uI k Iπ
=
















_  b-       ;@D













































a  k π23 b

















aa  p-q    ;@B

#  	    		 
  1	 
 



















Z_()r    ;;(
























Z hsj !bar   ;;@




















































































































































































































A      'BB'     0     0    0
'AA'   'B'   'B'     0    0
0       'B'    'B'     0    0
AA'      0      0    B'   B'





















'       ;;E
      
k     mfor     '' ≠−= kmkm BB      ;;B




     
;;:












∂∆∂=       ;%)




































∂∂=       ;%%































































































































   	  	     

 	  
 H): '(I 














    
 E%
(





















	  		 
  	 

 






















































  # 
   
L











   
 
   
  




    
 








 H)E ):I # 
	 
 "/ 




















































     %)











































































































































































































































   
 L   
 







  %' 8 
 
 
   
 




































 #   








)()( IordRordM III −=     %'

SM AII =      %@













































 //  



































































  2E  A 










































































    























5%3%/%/ -) .) .$$ !) !





 		 	 







	 		  







































 		 	 
 	 	  
 
























 	 "/ 
  		   














    
 





















































































































  89"/ 
	 	 "/ 	



















 +		  































































































































   /2 
	 
 // 






















































































  	 
:(
(



















































































































































 		  















































   
  

























 /  




























































































   
 9"/$> " 	 	
 
 	






































































   	 
 
  





































































































































































 #  
 



















  1 H):I 	 
 






















































































































      
















.$6%1'$*"!)   $) 







































 # 	 
   D'         D@ &





































  wxwyz{ *+     D;

































































































#  -	 	



















































































    



























 	  












  9<  
 




















































































































































6%/%1 !!"+#+$" !! 
#     
      























Power flow and rotor angle stability studies of HVAC-HVDC power system interconnections using DigSILENT 
 %E

















































 	  
 
 






























































  #   1      D:

Power flow and rotor angle stability studies of HVAC-HVDC power system interconnections using DigSILENT 
 %B























    
  
 #	6     
 






















































































































































 1  		






          D)@













   	  		 
  
























































































 D@  
  	 





 H'DI #  
  	
    
 





















































 #   
 



















   
 
   
 
 	












































































  '   
 4'  
 
  ; 




























	     E) + 

















































































Power flow and rotor angle stability studies of HVAC-HVDC power system interconnections using DigSILENT 
 D@

7%/  	  



















































7/."! !.( (	 ";"/<
)  ! !(!;&< 	#!.!;&< !;+%.< ! ;°<
."/ @;% @D''% )(% (
."1 %(( %'@; )(% R?=
."3 %(( %(:)% )(' R?=




)  ! ." 	#!,'$A B #!,'$A,$B
/ ) )::% E:)
1 ; %(' @B;
=/ ' ::E (
 @ :E( (
=1 ' ::E (
 @ :E( (
#!$	!$" ) ( DD
 ,$!$	!$" ; -((: ')(
#!$+ & ) ( BB)
 ,$!$+ & ; ( ')((
#!$ ) )::% )DB(
 ' -)::% (
 ,$!$ @ ):;( (
 ; -):;( )%))
"!$.!  !$ ; ';;' ))B@











































































  %; ,A ,7   
    












7%/%1 "1>*$(	$ ") "" 
  '   
   	 89/ 	  			 
  	 89"/

 	   
 











 (:   
 

















































































Power flow and rotor angle stability studies of HVAC-HVDC power system interconnections using DigSILENT 
 D%

73."! !.( (	 ";"1<
)  ! !(!;&< 	#!.!;&< !;+%.< !	 ;9<
."/ @;% @D''% )(% (
."1 %(( %'%(D )(% -()
."3 %(( %(( ) -'B%E
."1 %(( %)):) )(' ?=
."3 %(( ;:D)D (:: ?=


























 	  89/ 





















 	 H)DI #
 
 















)  ! ." 	#!,'$A B #!,'$A,$B
/ ) '('; %%;
1 ; %(( ;(E
=  ' )(E% (
 @ -)(;' (
	=  ' :;: -D%
 @ -:(( -@%
#!$	!$" ) ( DD
 ,$!$	!$" ; -((: ')(
#!$+ & ) ( @@(
 ,$!$+ & ; ( );((
#!$ ) )(ED :%D
 ' -)(ED (
 ,$!$ @ )(;% (
 ; -)(;% BDB
"!$.!  !$ ; ';;' ))B@



























































  	  4'  
 B);C   















  	  














      
 

 /   
 89/  89"/


75	 ($ ") ""  .$$ !( $!0$ ") "" 1999 
 $) !$ ,/ ,1 ,3 ,4 ,5 ,6
"/	/
 @ '% ') )B ); )

-89"/,A )%B' )':E )(E; :)) D:B ;:)





,A '((( '((( '((( '((( '((( '(((
9	
	"
0); );B) '%;@ @;'D ;)'B %)DD D;%:

>	 ) 












  @  
 )  

























































    
  
 
   






































,   
 # 

































































$ ") "  .$$ !

















































































































  89"/ 































































































Power flow and rotor angle stability studies of HVAC-HVDC power system interconnections using DigSILENT 
 D:



























































































 	  
	 
		 
























































































































































































































































































































































































































































4'  -:%( , 
  
 '@)( ,  
 















































































































































      E)' 



































































































































































































































  	 
 
       

















































































































































































































































































































































































7%1%1 #!" $!$3+0".! !0$ " !!!*



























      E'( 











































































































G1: Rotor Angle during 3-phase Fault at G1




















G1: Terminal Voltage during 3-phase Fault at G1
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G1: Active Power during 3-phase Fault at G1



































































G1: Reactive Power during 3-phase Fault at G1

















G2: Rotor Angle during 3-phase Fault at G1
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G2: Terminal Voltage during 3-phase Fault at G1





















































































G2: Active Power during 3-phase Fault at G1
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G2: Reactive Power during 3-phase Fault at G1

















G1: Rotor Angle during 3-phase Fault at G1
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G1: Terminal Voltage during 3-phase Fault at G1









































G1: Active power during 3-phase fault at G1





















G1: Reactive power during 3-phase fault at G1
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G2: Rotor Angle during 3-phase Fault at G1






































G2: Active Power during 3-phase Fault at G1





















G2: Terminal Voltage during 3-phase Fault at G1
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G2: Reative Power during 3-phase Fault at G1
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 	The power loss on 
both the HVAC and the HVDC transmission lines between bus six and bus five is 85 MW 
(i.e. losses on HVDC 1005-975=30 MW, losses on HVAC= 995-940=55MW) and it is higher 
than the loss in case one (56MW). 
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G2: Rotor Angle During 3-phase Fault at G4
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G2: Terminal Voltage During 3-phase Fault at G4
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G2: Active Power During 3-phase Fault at G4





















































G2: Reactive Power During 3-phase Fault at G4




















G3: Rotor Angle During 3-phase Fault at G4
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G3: Terminal Voltage During 3-phase Fault at G4
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G3: Active Power During 3-phase Fault at G4






































































































G3: Reactive Power During 3-phase fault at G4


































G2: Rotor Angle During 3-phase Fault at G4





















G2: Terminal Voltage During 3-phase Fault at G4
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G2: Active Power During 3-phase Fault at G4










































































































































G2: Reactive Power During 3-phase Fault at G4




































































G3: Rotor Angle During 3-phase Fault at G4




















G3: Terminal Voltage During 3-phase Fault at G4





















































































G3: Active Power During 3 phase Fault at G4

























G3: Reactive Power During 3-phase fault at G4
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(MW) terminalsconverter  at the rating  DC
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G2 Current During the Rectifier and Inverter DC Fault
 
 
Rectifer DC  Fault
Inverter DC Fault
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G1 Reactive Power During Reactifier and Inverter Fault
 
 
Rectifer Fault
Inverter Fault
